The study of pelvic and hind limb bones and muscles in basal dinosaurs is important for understanding the early evolution of bipedal locomotion in the group. The use of data from both extant and extinct taxa placed into a phylogenetic context allowed to make well-supported inferences concerning most of the hind limb musculature of the basal saurischian Staurikosaurus pricei Colbert, 1970 (Santa Maria Formation, Late Triassic of Rio Grande do Sul, Brazil). Two large concavities in the lateral surface of the ilium represent the origin of the muscles iliotrochantericus caudalis plus iliofemoralis externus (in the anterior concavity) and iliofibularis (in the posterior concavity). Muscle ambiens has only one head and originates from the pubic tubercle. The origin of puboischiofemoralis internus 1 possibly corresponds to a fossa in the ventral margin of the preacetabular iliac process. This could represent an intermediate stage prior to the origin of a true preacetabular fossa. Muscles caudofemorales longus et brevis were likely well developed, and Staurikosaurus is unique in bearing a posteriorly projected surface for the origin of caudofemoralis brevis.
INTRODUCTION
Bipedalism is a form of locomotion adopted by few groups of animals (Alexander 2004 , Gatesy and Biewener 1991 , Hutchinson and Gatesy 2006 , McGowan 1999 . Dinosaurs first evolved as bipedal animals and all living representatives of this clade are bipeds. The evolution of this type of locomotion is associated with several modifications in posture, orientation of the hind limbs, as well as correlated osteological and myological modifications. Understanding bipedal locomotion in dinosaurs requires multidisciplinary approach.
According to Lockley and Gillette (1989) , studies of trackways dating from the 19 th century allowed the estimate of velocity (Alexander 1976 , Farlow 1981 , Day et al. 2002 and posture (Coombs 1980 , Ishigaki 1989 , Thulborn 1989 , Wade 1989 , Jones et al. 2000 , Day et al. 2002 of dinosaurs. Comparisons with living animals have often been used (e.g. Paul 1988 , Carrano 1999 , Jones et al. 2000 , Hutchinson 2004a . New studies using advanced graphic computing and engineering principles (e.g., Gatesy et al. 1999 , Stokstad 2001 , Hutchinson and Garcia 2002 , Wilhite 2003 and computed tomography (e.g., Carrier et al. 2001 , Rayfield et al. 2001 ) also revealed important aspects of posture and locomotion, such as mass and center of mass position (e.g., Henderson 1999 , Seebacher 2001 . In addition, muscle reconstructions have led to new propositions about dinosaur locomotion (e.g., Hutchinson et al. 2005) . The first reconstruction of dinosaur pelvic musculature was made by Huene in 1908 (Romer 1923a , followed by some authors that studied saurischian musculature focusing on data obtained from living crocodiles (Romer 1923a , b, Colbert 1964 , Coombs 1979 . More recent works (e.g., Dilkes 2000 , Hutchinson 2001a , b, 2002 , Carrano and Hutchinson 2002 , Langer 2003 made more extensive use of avian data, resulting in reconstructions that are consistent with the phylogenetic positions of the studied taxa.
Witmer (1995, 1997) proposed a methodology (Extant Phylogenetic Bracket, EPB) based on phylogenetic relationships and parsimony that allows the reconstruction of soft tissue features in extinct animals using an accurate approach (see also Bryant and Russell 1992 for an independently-devised but similar approach). EPB is suitable for muscle reconstructions, requiring a minimal level of speculation, and can be improved if associated with data from extinct species with close phylogenetic affinities. This association can reveal important osteological transformations that sometimes are not clear when the study relies only on data from extant species (Hutchinson 2001a) . Several works on dinosaur limb muscle reconstruction have used the EPB (Dilkes 2000, Gatesy 1990 , Hutchinson and Gatesy 2000 , Hutchinson 2001a , b, 2002 , Carrano and Hutchinson 2002 , Langer 2003 , Jasinoski et al. 2006 . Most of these studies focused mainly on questions related to the origin and evolution of avian locomotion (Gatesy 1999 , Hutchinson 2001a , b, 2002 . Some authors presented simplified propositions for musculature and locomotion in basal dinosaurs (Carrano 2000 , Hutchinson and Gatesy 2000 , Hutchinson 2001a , b, 2002 , but no detail on the locomotion in the earliest dinosaurs was provided.
The evolutionary success of Dinosauria, including birds, has often been attributed to their bipedal and erect posture that freed their hands from a locomotor function, allowing their use for capturing and manipulating prey (Paul 1988) and later for flight. Accordingly, the study of the locomotion on the early evolution of Dinosauria is very important for understanding its success of more than 225 million years. A detailed muscular reconstruction of given taxa may help to resolve specific points and may also contribute to understanding major transformations that took place between basal and avian dinosaurs.
Detailed EPB-based reconstructions of the pelvic and hind limb musculature of specific taxa have been provided for only two species: Tyrannosaurus rex (see Carrano and Hutchinson 2002) and Saturnalia tupiniquim (see Langer 2003) . The work of Langer (2003) represents the most detailed muscular reconstruction for a basal dinosaur, and the results were presented as representative of a general condition shared by basal dinosauriforms (e.g., Marasuchus and Pseudolagosuchus) and basal dinosaurs, such as Herrerasaurus, Staurikosaurus, Guaibasaurus and basal species of the groups Theropoda, Ornithischia and Sauropodomorpha (Langer 2003) .
Remains of basal dinosaurs are often very incomplete or poorly preserved, which may lead to uncertainties when muscular reconstructions are attempted. Therefore, it is important to evaluate muscle arrangement in other basal dinosaurs in order to complement previous works. Also, the study of the pelvic and hind limb musculature in other basal dinosaurs may confirm the hypothesis of Langer (2003) of a shared general construction in several basal members of the group. In this work we propose a detailed reconstruction of the pelvic and hind limb musculature of the basal Saurischian Staurikosaurus pricei Colbert, 1970 . This taxon represents one of the most complete basal dinosaurs found in south Brazil (Santa Maria Formation, Late Triassic, Rio Grande do Sul), and its remains may reveal important features for understanding the early evolution of locomotion in Dinosauria. 
MATERIALS AND METHODS
In order to determine the areas of origin and insertion of the pelvic and hind limb muscles of Staurikosaurus pricei, the holotype MCZ 1669, deposited at the Museum of Comparative Zoology (Harvard University), as well as its cast (MN 6104-V), deposited at the Museu Nacional (Universidade Federal do Rio de Janeiro), were examined. Firstly, based on recent studies on the evolution of the archosaur pelvic and hind limb osteology (Gatesy 1990 , Hutchinson 2001a , b, 2002 , the homologies between bone surfaces correlated with muscle attachments, were traced between extant taxa (Crocodylia and Aves) and Staurikosaurus. In this study we accept the general conclusion that Staurikosaurus was a herrerasaurid, which is considered as a basal saurischian (Fig. 1A) according to most recent works (Yates 2003 , Langer 2004 , Leal et al. 2004 , Bittencourt and Kellner 2009 . Additional osteological data were obtained from the direct examination of specimens from the osteological collection of the Museu Nacional, namely: Tupinambis sp. (Squamata, Teiidae; 04AC), Caiman yacare (Crocodylia, Crocodylidae; 05AC, 06AC and 07AC) and Dendrocygna viduata (Aves, Anseriformes, Anatidae; 14AC). Data was also gathered from the literature for the following taxa: fossils and living Crurotarsi (Gregory and Camp 1918 , Romer 1923c , Troxell 1925 , Parrish 1987 , Long and Murry 1995 , Galton 2000 , Schwarz and Salisbury 2005 , Dinosauromorpha and basal dinosaurs, including Herrerasauridae (Novas 1992 , Sereno and Arcucci 1993 , 1994 , Long and Murry 1995 , Bonaparte 1996 , Hunt et al. 1998 , Bonaparte et al. 1999 ), non-avian Theropoda (Osborn 1905 , 1916 , Ostrom 1969 , Brinkman and Sues 1987 , Paul 1988 , Colbert 1989 , Barsbold and Osmólska 1990 , Bonaparte et al. 1990 , Molnar et al. 1990 , Norman 1990 , Raath 1990 , Rowe and Gauthier 1990 , Madsen 1993 , Makovicky and Sues 1998 , Sampson et al. 1998 , Norell and Makovicky 1999 , Currie 2000 , Carrano and Hutchinson 2002 , Currie and Chen 2001 , Ji et al. 2003 , Kobayashi and Lü 2003 , Calvo et al. 2004 , Huang et al. 2004 , Naish et al. 2004 , Coria and Currie 2006 , Xu et al. 2006 , Sauropodomorpha (Osborn 1904 , Galton 1984 , Ostrom and McIntosh 1999 , Langer 2003 , Yates 2003 , Leal et al. 2004 , and other extinct and extant sauropsid taxa, including Aves (Romer 1922 , 1956 , Goodrich 1958 , Zaaf et al. 1999 , Russell and Bels 2001 , Paul 2002 , Sen 2003 , Clarke 2004 .
The phylogenetic framework adopted here (Fig.  1A) is congruent with the tree used by Hutchinson (2001a Hutchinson ( , b, 2002 and those of Benton and Clark (1988) , Benton (1999) , Sereno (1997 Sereno ( , 1999 , Holtz (1998), Padian et al. (1999 ), Norell et al. (2001 ), Huang et al. (2004 , Leal et al. (2004) , Lloyd et al. (2008) , and phylogenies presented in several of the works cited in the previous paragraph.
In order to define the correlations between bone surfaces and muscle origins and insertions we applied the Extant Phylogenetic Bracket (EPB) methodology (Witmer 1997) . EPB allows the use of data from two (or more) extant taxa, which represent the closest groups to a given extinct taxon, in order to infer about the latter with minimal speculation, i.e., with parsimony ( Fig. 1B) . One of the extant taxa needs to be the living sister group of the extinct taxon, and this branch needs to have the other extant taxon as the living sistergroup. EPB was applied to verify the congruence of the reconstruction for each muscle of Staurikosaurus. As for any non-avian dinosaur, its closest extant taxa are Crocodylia and Aves (Fig. 1B) . EPB was applied with the use of an extensive phylogenetic framework of fossil taxa, which facilitates the identification of homologies when the extant taxa are highly divergent, as is the case with Crocodylia and Aves.
We adopted the "levels of inference" of the EPB as a metric of the level of speculation in the soft tissue reconstruction, according to Witmer (1995 Witmer ( , 1997 .
We adopted the muscle homologies for Crocodylia and Aves (Table I) presented by Hutchinson (2001a Hutchinson ( , b, 2002 and Carrano and Hutchinson (2002) spond to a revision of the work of Gadow (1880 ), Romer (1923c and Rowe (1986) .
RESULTS
The reconstruction of the pelvic and hind limb musculature of Staurikosaurus will be presented following the order on Table I . For each muscle, the condition observed in Crocodylia and Aves will be presented along with the preserved osteological evidence that supports the inferences for Staurikosaurus. The final reconstruction is presented in Table II and Figure 2 .
TRICEPS FEMORIS
Mm. iliotibiales (IT1, IT2 and IT3) -Muscle (M.) iliotibialis is a superficial, thin, large lamina in Crocodylia and Aves, and is composed of three heads that originate along the anterior and dorsal margins of the lateral ilium (Romer 1923c, Carrano and Hutchinson 2002) , superficially to other thigh muscles (Hutchinson 2002) .
Langer (2003) noted a rough expanded area (rea) in the anterodorsal surface of the cranial iliac process in Saturnalia that he supposed to be homologous with an expanded area in Herrerasaurus, Caseosaurus, and other dinosaurs ( Fig. 2 and 3F ). This is continuous with the dorsal border of the ilium and was reconstructed as the origin of IT1 (Langer 2003) .
This rough expanded area is also present, although less expanded, in other Diapsida, including Lepidosauromorpha. It seems correlated with the preacetabular iliac border (pib) because it is always adjacent to the dorsal extremity of that structure (Fig. 3) . In some Suchia (Poposauridae and Rauisuchidae), the rough expanded area and the preacetabular iliac border are posteriorly dislocated along the lateral surface of the ilium, projecting over the supra-acetabular crest (Fig. 3D-F) . Apparently, this condition is also present in Crocodylomorpha, as can be observed in the material from extant crocodiles, although an analysis of basal crocodiliforms is necessary to confirm the series of transformations between these taxa. In living crocodiles this rough area is less defined than in Poposauridae and Rauisuchidae and is not correlated to the origin of IT1, but corresponds to part of the area of IT2 (Fig. 3F ). This rough area and the preacetabular iliac border are also adjacent to the anterior limit of the M. iliofemoralis (Fig. 3F) , as seen in Lepidosauromorpha (Fig. 3A) .
The hypothesis presented by Langer (2003) is incongruent with these observations, so we propose that this rough expanded area is related to IT2 so that the anterior part of the origin of this muscle should be ventral to IT1 in dinosaurs, as occurs in Alligator (Fig. 3F) .
The rough area is preserved in both ilia of Staurikosaurus and is located in the extremity of the preacetabular iliac border (Fig. 4C) . It is triangular in shape, similar to the rough area of Caseosaurus (Fig. 4G) Herrerasaurus, differently, this area is larger in the ventral part, a condition also seen in Marasuchus. In Staurikosaurus, the origin of IT1 is supposedly located in the anterolateral margin of the cranial iliac process (Level I inference), in the dorsal portion of the rough area. The origin of IT2 extends along the ventral portion of this surface and continues to the dorsal margin of the ilium. The dorsal iliac border is not preserved in Staurikosaurus, so it is impossible to determine the exact limit between IT2 and IT3. Likewise, the posterior limit of IT3 is not observable, but, in Crocodylia, it is located dorsal to the origin of M. flexor tibialis externus (FTE) and caudal to the origin of M. iliofibularis (ILFB; Fig. 2A ).
In Aves, the posterior limit of M. iliotibialis lateralis (IL = IT2+3) is located between the areas of origin of M. flexor cruris lateralis pars pelvica (FCLP = FTE) and ILFB (Fig. 2C ). Accordingly, it is possible to infer the posterior limit of IT3 in Staurikosaurus from the position of ILFB and FTE (Level I' inference). In living archosaurs, the three heads of M. iliotibialis converge together with M. ambiens and Mm. femorotibiales, forming a common extensor tendon that inserts onto the tibial cnemial crest (Romer 1923c , Hutchinson 2002 , Carrano and Hutchinson 2002 . The same condition is inferred for Staurikosaurus (Level I inference). 
M. ambiens (AMB) -
In extant Reptilia (including Aves), the origin of the M. ambiens is anteroventral to the acetabulum, often from a pubic tubercle (pt; Hutchinson 2001a). In Crocodylia, this structure is absent or reduced (Hutchinson 2001a) , and M. ambiens is divided in two heads that originates on the cranial portion of the preacetabular cartilage and in the medial proximal region of the proximal pubis, but this condition is derived in relation to other Reptilia (Romer 1923c , Hutchinson 2002 . The pubic tubercle of Staurikosaurus is preserved only on the left pubis ( Fig. 5A ) and is similar in shape to that of Herrerasaurus, Saturnalia, and Lagerpeton. The right pubis of Staurikosaurus has often been used to illustrate this bone in the taxon, but it is damaged in the region of the pubic tubercle. This leaded several authors (e.g., Colbert 1970 , Galton 1977 , Novas 1993 ) to propose that this structure was absent in Staurikosaurus. AMB inserts in the tibial cnemial crest, together with the Triceps femoris group (Romer 1923c , Hutchinson 2002 . In extant archosaurs, AMB also has a secondary tendon that perforates the extensor tendon Hutchinson 2002, Hutchinson 2002 ). This tendon was probably also present in Staurikosaurus.
Mm. femorotibiales (FMTE and FMTI) -M.
femorotibialis has two divisions in Crocodylia (femorotibialis externus, FMTE; femorotibialis internus, FMTI) and three in Aves (femorotibialis lateralis, FMTL; femorotibialis intermedius, FMTIM; femorotibialis medialis, FMTM), which originates from the main part of the femoral shaft between the trochanteric region and the condyles (Romer 1923c , Hutchinson 2002 , Carrano and Hutchinson 2002 . Three ridges (linea intermuscularis cranialis, lia; linea intermuscularis caudalis, lip ; linea aspera = adductor ridge, ar) indicate the limits between these muscles, defining three adjacent areas around the femoral shaft: FMTE (= FMTL) is delimited by lia and lip, and FMTI (= FMTIM + FMTM) is limited by lia and ar (Hutchinson 2001b) . In Staurikosaurus these three ridges are not complete, but the right femur and the proximal part of the left femur have the major part of the lip and its distal part respectively preserved. An irregular border is seen on the middle anterior portion of the left femur, exactly in the position where lia of Herrerasaurus is located (Hutchinson 2001b) . The distal part of ar can be observed on the right femur of Staurikosaurus, but most of its dorsal extension is obliterated due to distortions of the fossil. In the left femur, this portion of the shaft is concealed by the dorsal vertebrae. Accordingly, it is possible to determine the areas of origin of FMTE and FMTI with some precision, but their exact distal extension is uncertain.
In Aves, FMTI is divided in two parts (FMTIM and FMTM) . Langer (2003) observed in Saturnalia a tenuous line that extends proximally from the medial condyle along the medial surface of the femur that could indicate a rudimentary division of FMTI. Due to poor preservation, this structure is not observable in Staurikosaurus.
As in extant Archosauria, Mm. femorotibiales of Staurikosaurus extended anterolaterally down to the proximal tibia, where they inserted onto the anterolateral cnemial crest, forming the knee extensor tendon (Romer 1923c, Carrano and Hutchinson 2002) . (Hutchinson 2002, Carrano and Hutchinson 2002) , slightly ventral to iliotibialis (Romer 1923c). Bittencourt and Kellner (2009) indicated that Staurikosaurus has one large concavity on the lateral surface of the ilium, but, this concavity appears to be divided in two by a smooth elevation ( Fig. 4A-B ), so that two concavities are present. The anterior one is large and deep and is located just dorsal to the acetabulum. The shallower posterior concavity probably corresponds to the ILFB origin because it is topographically equivalent to the surface where this muscle originates in extant Archosauria. A smooth arcshaped scar in the dorsoposterior limit of the posterior concavity may indicate the limits of ILFB origin (Fig.  4C ), whereas its ventral limit is indicated by the brevis shelf (Fig. 4C) .
M. iliofibularis (ILFB) -M. iliofibularis originates on the lateral surface of the ilium, between Mm. iliofemoralis and flexor tibialis externus
The anterolateral surface of the proximal part of the fibula of Staurikosaurus has an elongated crest that corresponds to the ILFB tubercle (Bittencourt and Kellner 2009 ), i.e., the insertion area of ILFB, as seen in extant Archosauria. 
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ORLANDO N. GRILLO and SERGIO A.K. AZEVEDO iliofemoralis externus (IFE) and iliotrochantericus caudalis (ITC) (Carrano and Hutchinson 2002) . This subdivision is reflected on a differentiation in the area of insertion of IF in the femoral trochanteric shelf: in Dinosauriformes, the trochanteric shelf has a cranial protuberance (anterior or lesser trochanter) that is homologous to the area of insertion of ITC in Aves, which suggests that IF was divided in this taxon (Hutchinson 2001b ). This structure is present in Staurikosaurus, but is reduced in size (Bittencourt and Kellner 2009 ), so we can infer the presence of both IFE and ITC and indicate the area of insertion of ITC.
According to Hutchinson (2002) , the insertion of IFE occurs in a rough area of the trochanteric shelf, on the lateral surface of the femur. In the left femur of Staurikosaurus there are some rough scars with undefined limits that may correspond to muscle insertion areas (Fig. 5D) . One of these is located on the trochanteric shelf, exactly posterior to the anterior trochanter, and is interpreted here as the insertion area of IFE.
IFE and ITC origins are located on the lateral surface of the ilium, but there is generally no scars that indicate the exact limits of their areas (Hutchinson 2001a, Carrano and Hutchinson 2002) . As already mentioned, the ilium of Staurikosaurus has a large subtriangular concavity on the anterior lateral surface of the ilium. This is dorsal to the acetabulum, bound anteriorly by the preacetabular iliac border (Fig. 4C ). This concavity could hold a large muscle, similar to the condition observed in Tyrannosaurus by Carrano and Hutchinson (2002) and in Saturnalia by Langer (2003) . A Level I inference indicates that this area corresponds to the origin of both parts of the iliofemoralis (IFE and ITC), contrary to the proposition of Langer (2003) . According to Langer (2003) , ITC would occupy this entire concavity and IFE would originate from the dorsal border of the acetabulum, immediately posterior to the supraacetabular crest or from a small surface in the dorsal limit between this large anterior concavity and the concavity of origin of ILFB (Fig. 3L) . The first hypothesis is not congruent with the position of the origin of IFE in Aves because it is located between ITC and ILFB, and is immediately ventral to the muscle iliotibialis. Also, Carrano and Hutchinson (2002) noted a vertical ridge dividing the anterior cavity in two equally-sized areas in Tyrannosaurus, and they interpreted this as the division of IF in IFE and ITC (Fig. 3M) . The similar size of these two muscles is corroborated by the size of their insertion areas in the femur. According to the propositions of Langer (2003), ITC would be a very large muscle and IFE would be a very small one, and this is not congruent with the size of their insertion areas in the femur of Staurikosaurus: the anterior trochanter is reduced and, although the limits of the insertion area of IFE are not clear, the rough area appears to be equal in size to the anterior trochanter (Fig. 5D) .
The anterior limit of ITC may be indicated by the preacetabular iliac border that is adjacent to the anterior limit of the area of IF in lepidosaurs and Crocodylia, and of ITC in Aves (Fig. 3A, F, J) . In Staurikosaurus, the preacetabular iliac border has striations (str) parallel to its long axis (Fig. 4C ) that may be related to the origin of ITC.
M. puboischiofemoralis internus 1 (PIFI1) -M. puboischiofemoralis internus 1 of Crocodylia (= iliofemoralis internus, IFI, in Aves)
is homologous to the muscles PIFI1 and PIFI2 of other Reptilia (Rowe 1986 , Hutchinson 2002 .
In Crocodylia, PIFI1 originates from the medial surface of the ilium, in the medial proximal surface of the ischium, and sacral ribs (Romer 1923c , Hutchinson 2001a , Carrano and Hutchinson 2002 . In Aves, IFI originates on the lateral surface of the ilium, from a reduced preacetabular ("cuppedicus") fossa (pf ; Hutchinson 2001a Hutchinson , 2002 . The change in position of the origin area of PIFI1 can be observed along the evolution of Archosauria and is related to the expansion of the cranial iliac process (Carrano 2000 , Hutchinson 2001a ). The appearance of the preacetabular fossa and the reduction of the ventral portion of the pelvis also indicate this transition (Hutchinson 2001a (Hutchinson , 2002 . These changes probably produced the dorsolateral displacement of PIFI1 origin in tetanuran theropods (as indicated by the appearance of the preacetabular fossa). The lateral displacement in Aves is indicated by the reduction of this fossa (Norell et al. 2001 , Hutchinson 2002 .
In basal dinosaurs, including Staurikosaurus, there are few indications of these modifications. Compared to Neotheropoda, the ventral portion of the pelvis is well developed and the cranial process of the ilium is not expanded. Hutchinson (2001a) considers the preacetabular fossa as an Avetheropoda character formed by the expansion of the first medial iliac ridge (articulation ridge for the first sacral vertebra; mr1) that marks the medial limit of this fossa (Fig. 4H-I) . In Caseosaurus and Staurikosaurus the first medial iliac ridge is in similar position to this border in Crocodylia, i.e., horizontal and just dorsal to the acetabulum (Fig. 4D, F, H) . However, these two forms bear another medial ridge in the ilium that appears to represent a dorsal extension of the first medial iliac border and that also participates in the sacral ver-tebra articulation (X in Fig. 4D, G) . This ridge bounds a shallow fossa, topographically equivalent to the preacetabular fossa, i.e., it is located in the ventromedial surface of the cranial process of the ilium (Fig. 4) . Despite the topographical equivalence, the homology between these structures is not clear because this fossa is medially limited by a ridge that cannot be certainly homologized with the first preacetabular medial ridge of the ilium. Accordingly, the origin of PIFI1 in Staurikosaurus is uncertain (Fig. 2G) : it could be equivalent to that of Crocodylia (Level II inference), or may have shifted into the aforementioned fossa (also Level II inference).
The PIFI1 of Crocodylia inserts at the proximal part of the femur, anteromedially to the insertions of PIFI2 (Romer 1923c , Hutchinson 2001b , on a keel that separates the insertion of PIFI2 and FMTI (Hutchinson 2001b) . In Aves, IFI inserts on a rounded mark at the medial proximal portion of the femur (Hutchinson 2001b (Hutchinson , 2002 . Herrerasaurus (Novas 1993 , Hutchinson 2001b and Staurikosaurus possess a crest on the anterior surface of the femur, distal and anterior to the anterior trochanter, that is similar to that of Crocodylia, indicating a similar insertion of PIFI1 (Level II inference). (Gadow 1880) . Because the first hypothesis has more support from anatomical and ontogenetic data and requires fewer transformations in the number and position of muscles (Rowe 1986), we will treat PIFI2 of Crocodylia as homologous to ITCR and ITM of Aves. PIFI2 of Crocodylia should not be confused with the homonymous muscle of other Reptilia, but is homologous to their PIFI3 (Rowe 1986 , Romer 1923b .
M. puboischiofemoralis internus 2 (PIFI2) -
In Crocodylia, PIFI2 originates from the centra and transverse processes of the last six dorsal vertebrae (lumbar vertebrae; Romer 1923c). In Aves, the origins of the homologous ITCR and ITM are located on the ventrolateral surface of the preacetabular iliac process, anteriorly to the origin of IFI. As previously presented, this transition is associated with the expansion of the preacetabular iliac process and with the origin of the preacetabular fossa (Hutchinson 2001a (Hutchinson , 2002 . In Tyrannosaurus, the centra of the dorsal vertebrae have large pleurocels and little area for the attachment of muscles, and the preacetabular fossa is present (Carrano and Hutchinson 2002) . Staurikosaurus, on the other hand, has large areas for the attachment of PIFI2 on the dorsal vertebrae that lack pleurocels. Also, the last five dorsal vertebrae of Staurikosaurus have shallow depressions bellow the infradiapophyseal fossae that could correspond to part of PIFI2 origin. The eighth and ninth dorsal vertebrae are partly covered by sediments and rib fragments, so it is impossible to verify the presence of these depressions, which are absent from the seventh to the more anterior dorsal vertebrae. Accordingly, as for Crocodylia, PIFI2 of Staurikosaurus probably originated from the last five (maybe six) dorsal vertebrae (Level II Inference).
In Crocodylia, PIFI2 inserts on the lateral surface of a keel extending along the proximal femur, lateral to the PIFI1 insertion, and its tendon is partly divided by the proximal part of the origin of FMTI (Romer 1923c). In Tetanurae, PIFI2 inserts on a large process (accessory trochanter), which is reduced to a small scar in basal Aves (Hutchinson 2002) . Despite this difference, the positions of these structures are the same. Bittencourt and Kellner (2009) proposed that, in Staurikosaurus, PIFI2 inserted on a proximodistally extended and narrow crest located on the posterolateral surface of the proximal femur, but it is not congruent with the position observed in Crocodylia and Aves. In fact, this crest corresponds to the medial limit of the insertion of Mm. puboischiofemorales externi.
In Staurikosaurus, the surface of the anterior keel of the femur is damaged and partly covered by sediments, and it is impossible to identify muscle scars. However, the same condition seen in Crocodylia, with PIFI2 inserting on the lateral surface of this keel, is likely to occur, since it is equivalent to the accessory trochanter (Level I' inference). It is not possible to confirm the presence of the posterior portion of the insertion tendon in the currently available material of Staurikosaurus; the muscle scars on the trochanteric region of the femur are not well defined.
FLEXOR CRURIS
Homologies of the Flexor cruris group are not well resolved (Romer 1923c , Hutchinson 2002 ). Here we follow the hypothesis of Romer (1942) . See Hutchinson (2002) for a revision of different hypothesis and nomenclature.
The Flexor cruris muscles share two insertion tendons in Crocodylia: FTI1 shares a tendon with FTI2 that connects to the tendon of PIT, and inserts on the caudomedial surface of the proximal tibia (Romer 1923c , Hutchinson 2002 , whereas FTI3, FTI4 and FTE share a tendon that inserts on the posteromedial surface of the proximal tibia, as occurs with the avian homologues of these muscles (Hutchinson 2002, Carrano and Hutchinson 2002) . The proximal portion of the right tibia of Staurikosaurus bears several striations that are similar to the scars observed in extant Caiman tibiae (Fig. 5E-H) , which correspond to the insertion of FTI3 and FTE (posteromedially) , and of FTI1, FTI2 and PIT (posterolaterally). Accordingly, the same condition is inferred for Staurikosaurus. Considering the proposed absence of PIT in Staurikosaurus (see below) , the posterolateral striations seen on its tibia may correspond to the insertion of FTI1 (if present) and FTI2.
On its medial side, the proximal tibia of Staurikosaurus also bears a scar (partly lost due to fragmentation of the bone surface) distal to that of FTI3 and FTE (Fig.  5G) , which can be attributed to the M. gastrocnemius internus (that will not be treated here).
M. puboischiotibialis (PIT) -M.
puboischiotibialis is present in basal reptiles, reduced in Crocodylia and absent in Aves (Romer 1923c , Hutchinson 2002 , Carrano and Hutchinson 2002 . In Crocodylia, there is only one branch of PIT originating on a scar located on the proximal tip of the obturator process (op) of the ischium (Carrano and Hutchinson 2002) , ventral to the acetabulum (Romer 1923c). PIT inserts on the caudomedial surface of the proximal tibia, as a tendon shared with Mm. flexor tibiales interni 1 et 2 (Romer 1923c , Hutchinson 2002 . The margin of the obturator process of the ischium of Staurikosaurus in not preserved, and it is impossible to determine the presence of PIT. Yet, Hutchinson (2002) points that the scar for PIT is absent in all basal archosaurs and that there is no evidence of one or more parts of PIT in Dinosauromorpha. Accordingly, it was probably also absent in Staurikosaurus.
M. flexor tibialis internus 1 (FTI1) -M. flexor tibialis internus 1 is absent in Aves and originates from the caudolateral surface of the distal ischium of crocodiles (Romer 1923c , Hutchinson 2002 . Some theropods (e.g., Allosaurus, Piatnitzkysaurus, and Therizinosauroidea) and Herrerasaurus possess a structure (distal ischial tuberosity) on the caudolateral surface of the distal ischium that is topographically equivalent to FTI1 origin in Crocodylia (Hutchinson 2001a , Carrano and Hutchinson 2002 . The distal part of the ischium of Staurikosaurus is not preserved, and the presence of the distal ischial tuberosity cannot be confirmed. Yet, it is present in Herrerasaurus and Saturnalia (Langer 2003) , suggesting the presence of FTI1 in Staurikosaurus (Level II' inference). 
M. flexor tibialis internus 2 (FTI2) -

M. flexor tibialis internus 3 (FTI3) -M. flexor tibialis internus 3
of Crocodylia is equivalent to the inner part of FTI2 of basal Reptilia, in which the muscle is not divided (Hutchinson 2002) . Its origin is located on the ischial tuberosity (it ; Hutchinson 2001a Hutchinson , 2002 , at the posterior margin of the ischium, proximal to the origin of ADD2 (Romer 1923c). It is homologous to the avian M. flexor cruris medialis (FCM), which originates from a similar (but distal) position, while the ischial tuberosity is absent (Hutchinson 2001a , Carrano and Hutchinson 2002 . The ischium surface is not well preserved in Staurikosaurus, with fractures hampering the identification of muscle scars. However, both ischia bear a crest (Fig. 5 B-C) near the articular surface of the ilium that is slightly proximal in relation to the ischial tuberosity of other dinosaurs, but may be a homologous structure. Along with a depression lateral to the crest, these structures could correspond to the origin area of FTI3 as proposed by Langer (2003) .
M. flexor tibialis internus 4 (FTI4) -This division of the flexor tibialis internus is only present in Crocodylia,
and is equivalent to the superficial part of FTI2 of other Reptilia (Romer 1942 , Hutchinson 2001a . FTI4 originates on the fascia around the caudoventral ilium and the caudodorsal ischium (Hutchinson 2002) . Accordingly, its origin cannot be verified in Staurikosaurus because it is not correlated to any bone scar. Its presence is also equivocal, since it is absent in Aves.
M. flexor tibialis externus (FTE) -M. flexor tibialis externus (= flexor cruris lateralis pars pelvica, FCLP, in
Aves) originates on the lateral surface of the ilium of crocodiles, posterior to Mm. iliofibularis and iliofemoralis externus (Romer 1923c, Carrano and Hutchinson 2002) . As already mentioned, the ilium of Staurikosaurus has no preserved muscle scar posterior to the origin of ILFB. The shape of the posterodorsal limit of ILFB in Staurikosaurus suggests the posterior extension of the dorsal border of the ilium (Fig. 4C) , as seen in other taxa (e.g., in Saturnalia and Herrerasaurus, Langer [2003] ). Accordingly, it is assumed that the origin of FTE in Staurikosaurus was posterior to ILFB and in continuity to that of IT3. FTI2 origin may be posterior to that of FTE, but their exact positions cannot be confirmed with current available material.
MM. ADDUCTORES FEMORES
The muscle adductor femoris is divided in two parts in extant archosaurs: ADD1 and ADD2 in Crocodylia that are homologous to, respectively, M. pubosichiofemoralis pars medialis (PIFM) and pars lateralis (PIFL) in Aves (Romer 1923c , Hutchinson 2002 . The two parts originate from the lateral surface of the ischium (ADD1 near the cranial border of the bone) and are separated, in Crocodylia, by the origin of PIFE3 (Romer 1923c). In Aves, the position of PIFL origin is anteroventral in relation to its crocodilian homologue, ADD2 (Hutchinson 2001a) . This is probably related to the reduction of the obturator process, and the change of the origin of M. ischiotrochantericus to the lateral surface of the ischium (Carrano and Hutchinson 2002) .
According to Hutchinson (2001a) , the ischial ridge (ir) is located cranioventrally to the origin of FTI3 and ventrally to ADD2. The bone surface of both ischia of Staurikosaurus is damaged, and no muscle scar can be safely identified. The ischial ridge is better seen in the left bone (Fig. 5C ). On the right ischium, dorsal to the ischial ridge, in a well-preserved small area, a scar (Fig. 5B) topographically equivalent to the origin of ADD2 in Crocodylia may correspond to the origin of this muscle. The origin of ADD1 is probably located on the anterior margin of the obturator process, as in extant archosaurs, but this structure is not preserved in the holotype of Staurikosaurus.
The two ADD heads converge to a long and narrow insertion area, on the caudal surface of the distal femur (Romer 1923c) , located between the linea intermuscularis caudalis and the linea aspera (adductor ridge, Hutchinson 2001b). These structures, as already mentioned, are partly preserved in the femora of Staurikosaurus and indicate the approximate position of ADD insertion. Unfortunately there is no distinct scar for either of the branches, as Carrano and Hutchinson (2002) observed in Tyrannosaurus.
MM. PUBOISCHIOFEMORALES EXTERNI
Mm. Puboischiofemorales externi originate on the lateral surface of the pubo-ischiadic plate in basal archosaurs, and is divided in two pubic parts, PIFE1 and PIFE2. These are homologous to the avian Mm. obturatorius lateralis, OL, and obturatorius medialis, OM, respectively. Its ischiadic part, PIFE3, is absent in Aves (Hutchinson and Gatesy 2000) . This plesiomorphic condition is retained in Crocodylia (Carrano and Hutchinson 88 ORLANDO N. GRILLO and SERGIO A.K. AZEVEDO 2002) and the modifications seen in Aves are attributed to the division of the pubo-ischiadic plate and loss of the obturator process (Hutchinson and Gatesy 2000) .
The three heads of PIFE in Crocodylia shares an insertion tendon that attaches to the greater trochanter of the femur, as occurs with the avian homologues OL and OM (Hutchinson and Gatesy 2000 , Hutchinson 2001b , Carrano and Hutchinson 2002 . In Staurikosaurus, the greater trochanter is a S-shape crest located on the craniolateral region of the proximal region of the femur ( Fig. 5D ; Bittencourt and Kellner 2009 ). Galton (1977 previously identified this structure as the anterior trochanter (see Bittencourt and Kellner 2009 , for a discussion).
M. puboischiofemoralis externus 1 (PIFE1) -
In Staurikosaurus, PIFE1 originates on the anterior surface of the pubic apron (pa; Fig. 5A ), as seen in Crocodylia (Romer 1923c , Hutchinson 2002 , Carrano and Hutchinson 2002 . The apron corresponds to the dorsoventrally expanded surface of the pubic symphysis (Hutchinson 2001a) . In Aves, which lack a pubic symphysis, PIFE1 originates from the proximal lateral surface of the pubis (Hutchinson 2002) . Accordingly, the reconstrution proposed for Staurikosaurus corresponds to a Level II inference. Langer (2003) suggests the lateral surface of the distal part of the pubis of Herrerasaurus (as probably in Staurikosaurus) as equivalent to the anterior surface of the pubis of Saturnalia because it has a series of striations that continues from the anterior surface of the apron. These striations could indicate the origin of PIFE1 (Langer 2003) . Extant archosaurs do not have any part of PIFE1 originating from the distal lateral surface of the pubis. As this supposition requires a Level III inference, it was not considered here.
Langer (2003) noted the laterally expanded lateral border of the pubis of Saturnalia, Herrerasaurus, and prosauropods, which gives the pubis a sinuous shape in anterior view. Novas (1993) erroneously (see Fig.  5A ) indicated that Staurikosaurus retains the primitively straight dinosauromorph condition for the lateral border of the pubis. Langer (2003) proposed that the proximal margin of the lateral expansion of the pubis would indicate the passage of PIFE1 from the pubis in direction to the femur. In Staurikosaurus the expanded border is more dorsal if compared to the other basal Saurischia, and the origin of PIFE1 could be more dorsally expanded.
M. puboischiofemoralis externus 2 (PIFE2) -PIFE2
originates on the posterior surface of the pubic apron (Romer 1923c , Hutchinson 2002 , Carrano and Hutchinson 2002 . In Aves, the homologue OM has moved caudally to the pubo-ischiadic membrane (Hutchinson 2002) . We consider (Level II inference) that Staurikosaurus has the same plesiomorphic condition of Crocodylia because the pubic apron is well developed.
M. puboischiofemoralis externus 3 (PIFE3) -PIFE3
originates from the lateral surface of the ischial obturator process, between the origin areas of ADD1 and ADD2 (Romer 1923c , Hutchinson 2002 , Carrano and Hutchinson 2002 . It is limited anterodorsally by the ischial ridge (Hutchinson 2002) . In Aves, this muscle was lost together with the obturator process (Hutchinson 2001a (Hutchinson , 2002 . The obturator surface of the ischium of Staurikosaurus is not well preserved and no muscle scar is preserved. Accordingly, the origin of PIFE3 was tentatively reconstructed based on the position of the ischial ridge, PIFE3, ADD1, and ADD2 in Crocodylia.
M. ISCHIOTROCHANTERICUS (ISTR)
M. ischiotrochantericus (ISTR) of crocodiles originates on the medial surface of the caudal part of the ischium (Romer 1923c , Hutchinson 2001a , Carrano and Hutchinson 2002 . In Aves, with the reduction of the ischial symphysis, the origin of the homologue M. ischiofemoralis (ISF) was displaced to the lateral surface of the ischium and to the ilio-ischiadic membrane (Hutchinson 2001a , Carrano and Hutchinson 2002 .
In Aves, ISF is more cranial than in Crocodylia, in which ISTR is located on the caudal extremity of the ischium (Romer 1923c). But the distal part of the ischium in Aves corresponds to a caudoventral elongation of the distal part of the ischial symphysis (Hutchinson 2001a) . Besides, the avian ISF is located near the origin of PIFM (= ADD1) and PIFL (= ADD2), as occurs in Crocodylia, and ISTR origin is medial to that of ADD2 (Carrano and Hutchinson 2002) . Accordingly, it is possible to infer that the origin of this muscle was displaced laterally in Aves, but not cranially or caudally. Arcucci (1993, 1994) and Langer (2003) suggest that the dorsal surface of the dinosaur ischium was laterally displaced, so that the dorsal ridge of the ischium (dri), which separates the origins of ISTR and ADD2, is placed on the lateral surface of the ischium (Langer 2003) . In Staurikosaurus, the ridge that separates ISTR from ADD2 is visible and helps to define the approximate position of ISTR origin, which is near and dorsal to the scar that supposedly indicates the origin of ADD2.
In Crocodylia, ISTR inserts on a scar on the caudolateral surface of the proximal femur (Romer 1923c , Hutchinson 2002 , in a position almost equal to that seen in Aves (Hutchinson 2002) . Dinosauromorphs have a sigmoid structure (trochanteric shelf) that corresponds to the insertion of IFE. A groove proximal to the trochanteric shelf corresponds to the insertion of ISTR (Hutchinson 2001b , Carrano and Hutchinson 2002 . The trochanteric shelf of Staurikosaurus is reduced (Bittencourt and Kellner 2009), but the groove where ISTR is inserted is present and clearly seen on the left femur (Fig. 5D ).
MM. CAUDOFEMORALES
M. caudofemoralis brevis (CFB) -M. caudofemoralis brevis of crocodiles (= caudofemoralis pars pelvica, CFP, in Aves) originates on a shallow fossa on the medioventral surface of the ilium, from the posterior sacral ribs and the first caudal vertebra (Romer 1923c, Carrano and Hutchinson 2002) . In Aves, CFP originates only from the caudolateral surface of the ilium (Hutchinson 2002) . Changes in the origin of CFB/CFP are apparently related to modifications of the medial and lateral regions of the postacetabular ilium, which include the transversal widening and deepening of both the iliac blade and the medial shelf, forming the brevis shelf (bs) and the brevis fossa of Dinosauria (Novas 1996 , Hutchinson 2001a . Accordingly, CFB of dinosaurs would have its origin from the brevis fossa, which is reduced in taxa proximally related to Aves (Hutchinson 2001a (Hutchinson , 2002 .
According to Novas (1992) , Herrerasauridae retains the plesiomorphic condition of basal Ornithodira (e.g., Lagerpeton and Lagosuchus), in which the brevis fossa is absent so that this structure would be novel for Ornithischia + Saurischia. In following works, Novas (1993, 1996) considered herrerasaurids as basal theropods and suggested that a groove on the lateral surface of the posterior part of the ilium of Herrerasaurus represents a reduced brevis fossa. Hutchinson (2001a) also treats Herrerasauridae as basal Theropoda and suggests that the most parsimonious condition would be the reduction of the brevis fossa in this group. Even if we consider Herrerasauridae as basal Saurischia (Yates 2003 , Langer 2004 , Leal et al. 2004 ), the reduction hypothesis is more parsimonious since ornithischians also have a well-developed fossa (Novas 1992 (Novas , 1996 .
The reduction of the brevis fossa appears to be more pronounced in Staurikosaurus than in Herrerasaurus, because just a shallow depression on the lateral postacetabular surface of the ilium is present. This depression is dorsally delimited by an elongated elevation that starts at the dorsoposterior margin of the supra-acetabular crest, finishing on the posterior margin of the ilium. This structure is interpreted as homologue to both the ridge that bounds the groove of the posterior ilium of Herrerasaurus, and the brevis shelf. Accordingly, the surface ventral to this shelf (posteroventral margin of the ilium) corresponds to the medial blade of the ilium, which bounds the brevis fossa medially (medial blade of the brevis fossa, mbbf; Fig. 4C ) in other Dinosauria. Therefore, the lateral surface of this blade would represent the origin of CFB in Staurikosaurus. Despite the reduction of the brevis fossa, Staurikosaurus possesses a marked dorsoventral expansion of the posterior part of the posteroventral margin of the ilium (Fig. 4C) , which does not occur in Herrerasaurus. In both taxa, the medial blade (posteroventral margin of the ilium) corresponds to 29% of the length of the ilium, but the posterior part in Herrerasaurus is not dorsoventrally expanded, suggesting that the posterior part of CFB was enlarged in Staurikosaurus.
CFB inserts on the posterolateral surface of the femur, between the fourth trochanter and the linea intermuscularis caudalis (Hutchinson 2001a , b, 2002 , Carrano and Hutchinson 2002 in a position slightly proximal and lateral to the insertion of M. caudofemoralis longus (Romer 1923c) . In Aves, the fourth trochanter is reduced to a scar and the insertion of CFP is adjacent to this scar (Hutchinson 2002) . The left femur of Staurikosaurus has well-preserved fourth trochanter and linea intermuscularis caudalis, but no muscle scars are observed. Accordingly, the inferred position of CFB insertion is approximate.
M. caudofemoralis longus (CFL) -M. caudofemoralis longus (= caudofemoralis pars caudalis, CFC, in Aves) originates on the centra and ventral surfaces of the caudal vertebra transverse processes (Romer 1923c , Gatesy 1990 , Hutchinson 2001b , approximately from the third to the fifteenth element (Romer 1923c , Gatesy 1990 ). In Aves, CFC was reduced along with the reduction of the tail and the evolution of the pygostyle, and its origin is restricted to this structure (Gatesy 1990 , Hutchinson 2002 . The presence of transverse processes would be an indication of the minimal extension of the origin of CFL in the tail of archosaurs, as are specializations of the vertebrae and chevrons (Gatesy 1990) . In Theropoda, the tail has a transition point where the caudal vertebrae lose the transverse processes (Russell 1972) , so that the origin of the CFL is restricted to the area anterior to this point. The transition is also marked by the elongation of the prezygapophyses and dorsoventral compression of the chevrons on the vertebrae posterior to the point (Gauthier 1986 , Gatesy 1990 .
The holotype of Staurikosaurus does not have the complete caudal series preserved: there are six proximal vertebrae; a block containing six articulated vertebrae from the middle part of the tail; two blocks with two vertebrae each, also from the middle of the tail; and the last 19 caudal vertebrae (Bittencourt and Kellner 2009) . Vertebrae from one of the median blocks with two vertebrae bear transverse processes. But the 19 terminal vertebrae lack these structures and have elongated prezygapophyses (Gauthier 1986, Bittencourt and Kellner 2009) . Based on regression equations obtained from data collected from the preserved caudal vertebrae (height and length of the centrum), and considering that Staurikosaurus had the same number of caudal vertebrae of Herrerasaurus (i.e., 47 vertebrae), it was possible to estimate the position of the middle blocks of vertebrae. This method also allowed estimating the length of the non-preserved vertebrae and indicated that the block containing the two vertebrae with transverse processes corresponds to the 24 th and 25 th caudal elements (Grillo and Azevedo 2011) . Accordingly, at least 25 caudal vertebrae of Staurikosaurus have transverse processes, and this is the minimal extension of CFL origin (Grillo and Azevedo 2011) . CFL of crocodiles inserts on the medial surface of the fourth trochanter, on an associated depression (Romer 1923c , Gatesy 1990 , Hutchinson 2001b . In Aves, the reduction of CFC was accompanied by the reduction of the fourth trochanter to a roughed area (Gatesy 1990 , Hutchinson 2001b . Staurikosaurus possesses a well-developed crest-shaped fourth trochanter (Colbert 1970 , Galton 1977 , Bittencourt and Kellner 2009 ) that indicates that the CFL was a large and powerful muscle. This condition is congruent with the expanded area of origin of this muscle in the tail.
In extant crocodiles the CFL has a secondary tendon that extends from the distal part of CFL to the caudal region of the knee (Romer 1923c , Hutchinson 2001b , contributing to the origin of the M. gastrocnemius lateralis (Hutchinson 2002) . In Theropoda, the fourth trochanter is pendant and has a process ventrally directed that could be an indication of the presence of this secondary tendon (Hutchinson 2002, Carrano and Hutchinson 2002) . Staurikosaurus has a pendant fourth trochanter, although its margin is damaged and the ventral process cannot be observed, so that the secondary tendon was probably present (Level II' inference).
DISCUSSION
Reconstructions of the pelvic musculature of saurischian dinosaurs have been attempted for more than a century (Romer 1923b, c) , but recent works (e.g. Hutchinson 2001a Hutchinson , b, 2002 clarified several aspects of the evolution of the hind limb muscles in archosaurs. Some studies (e.g. Coombs 1979 , Dilkes 2000 , Carrano and Hutchinson 2002 , Langer 2003 ) did not focus on higher level taxa, but on particular species. This approach may reveal exclusive adaptations, contributing to understand the different locomotion adaptations of each species.
The muscle reconstruction of Staurikosaurus allowed the identification of both modifications that differentiate this taxon from other closely related species, and of a series of osteological structures not observed by other authors that studied this specimen. Differently from other works, the reconstruction of the hind limb musculature of Staurikosaurus was based on a single specimen, which has several problems of preservation that hampered the observation of muscle scars. However, the comparison with other proximally related taxa and the use of bones from both sides of the body, associated to the EPB methodology, allowed to construct a map of origin and insertion for the majority of the hind limb muscles. The result is consistent to muscle arrangement in extant archosaurs and other extinct dinosaurs that have already been studied (see Hutchinson 2002, Langer 2003) .
Some muscle associated structures were described for the first time for Staurikosaurus, complimenting previous descriptions and studies about this taxon (Colbert 1970 , Galton 1977 , Bittencourt and Kellner 2009 : the pubic tubercle (associated to AMB origin), the lineae intermusculares on the femur (associated to FMTE, FMTI, ADD1-2 and CFB), the two concavities on the lateral surface of the ilium (associated to ITC, IFE and ILFB origin), the concavities on the posterior dorsal vertebrae (associated to PIFI2 origin) and the fossa on the ventral margin of the cranial iliac process (probably associated to PIFI1 origin). The pubic tubercle has been figured as absent in Staurikosaurus (e.g., Colbert 1970 , Galton 1977 , Novas 1993 , and a recent revision (Bittencourt and Kellner 2009) did not recognize this tubercle, perhaps as a result of taphonomic damage. All these studies were based on the right pubis, but the pubic tubercle is preserved only on the left pubis (Fig. 5A) .
The concavities on the lateral surface of the ilium described here are different from those mentioned by Bittencourt and Kellner (2009) . These authors indicate that the ilium of Staurikosaurus has two concavities on the lateral surface, the caudal one being interpreted as a reduced brevis fossa. The cranial concavity indicated by Bittencourt and Kellner (2009) was interpreted here as comprising two concavities associated to the origins of IFE, ITC, and ILFB (concavities 1 and 2, Fig. 4A-C) .
The muscle reconstruction of Staurikosaurus may be compared to that presented by Langer (2003) for another basal Saurischian, Saturnalia tupiniquim. Langer (2003) indicated that the hind limb and pelvic anatomy of Saturnalia, and hence muscle arrangement and function, would be representative of a general construction shared by basal dinosauriforms such as Marasuchus and Pseudolagosuchus, and basal dinosaurs, including Herrerasaurus, Staurikosaurus, Guaibasaurus, and basal sauropodomorphs. Most of the results presented are very similar to those of Langer (2003) . Differences are mainly conceptual, rather than anatomical.
As proposed by Langer (2003), we consider that the tenuous convexity that separates the two main concavities on the lateral surface of the ilium indicates the anterior limit of ILFB origin. However, Langer (2003) proposed that the anterior concavity corresponds solely to the origin of ITC, so that the origin of IFE would be located on the surface immediately caudal to the supraacetabular crest or close to the dorsal margin of the ilium, over the dorsal extremity of the convexity that separates the two main lateral iliac concavities (Fig. 3L) . The first hypothesis is congruent with the arrangement seen in Crocodylia, in which the origin of IF borders the dorsoposterior margin of the acetabulum. In this context, IFE would have originated as a posteroventral division of IF. This is not congruent with the origin of IFE in Aves, which is located on the dorsal margin of the ilium on the processus supra-trochantericus (pst; Fig. 3O ; Hutchinson 2001a ). This indicates that IFE represents a dorsoposterior separation of IF, which is congruent with the second hypothesis of Langer (2003) . If this last hypothesis is accepted, it is also necessary to infer that IF splited into a reduced IFE and a large ITC. Yet, osteological evidence suggests that ITC was initially of similar size to IFE, enlarging only along theropod evolution until it was reduced again in Aves, and restricted to the dorsal margin of the ilium. This is supported by the enlargement of the anterior trochanter and cranial iliac process in basal theropods, and by the later reduction of the former in taxa closely related to Aves Gatesy 2000, Hutchinson 2001b ). Another indication that IFE and ITC had similar sizes in non-maniraptoran theropods is the presence of a dorsoventrally directed convexity on the lateral surface of the anterior iliac process, which divides the anterior concavity of the ilium, separating the origins of ITC and IFE in Tyrannosaurus (Carrano and Hutchinson 2002) , as well as in the ornithomimosaur Sinornithomimus dongi. In this context, the most parsimonious scenario for the evolution of these muscles is the division of IF in two muscles of similar size in basal dinosaurs whose origins shared the anterior concavity of the ilium.
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ORLANDO N. GRILLO and SERGIO A.K. AZEVEDO Another difference between the proposition of Langer (2003) for Saturnalia and the one presented here for Staurikosaurus is related to AMB. Langer (2003) proposed that this muscle, as in Crocodylia, would have two heads originating from the pubic tubercle and from the dorsal margin of the pubis. On the contrary, we consider that the AMB of dinosaurs, as in Aves, would have just one head, originating from the pubic tubercle. According to Carrano and Hutchinson (2002) , the presence of two heads in Crocodylia represents an apomorphy of this clade because both Aves and Lepidosauria have just one AMB head (Romer 1922 (Romer , 1923c .
Other differences relative to the reconstruction presented by Langer (2003) are related to insufficient information retrieved from the holotype of Staurikosaurus. The smooth division on the femur of Saturnalia that could indicate the separation of FMTI in two parts (FMTM and FMTIM) was not preserved or is absent in Staurikosaurus. The phylogenetic positioning of Herrerasauridae is still uncertain. Some works (e.g. Yates 2003, Leal et al. 2004, Bittencourt and Kellner 2009) place Herrerasauridae basal to Eusaurischia, but others (e.g., Novas 1993 , Sereno 1997 , Sereno and Novas 1992 , Benton 1999 ) suggest a closer relation to Theropoda. Accordingly, the presence of an initial division of FMTI in Saturnalia does not bring additional evidences for its division in Herrerasauridae until more stable phylogenetic hypotheses are obtained.
We restricted the origin of PIFE3 to the obturator process, as in Crocodylia, because the obturator process is not completely preserved and no muscle scar could be observed. Yet, Langer (2003) observed striations on the ventrolateral surface of the ischium of Saturnalia, which were associated to PIFE3. This could also be the case for Staurikosaurus, but new material is necessary to confirm this hypothesis. Besides, Langer (2003) reconstructed ISTR as originating from the entire mediodorsal surface of the ischium, but the distal part of that bone forms an elongated symphysis (Hutchinson 2001a) . Moreover, in Crocodylia, ISTR origin is restricted to the obturator process and does not extend into the symphysis. In Aves, the homologue ISF is also restricted to the proximal portion of the ischium, so that there is no support from extant taxa for a distal extension of this muscle in dinosaurs.
Finally, Langer (2003) attributed scars on the pubic peduncle to the origin of PIFI1 or the dorsal part of AMB. In the prosauropod Sellosaurus gracilis there is a depression on the ventral margin of the cranial iliac process that extends to the pubic peduncle (Fig. 4E) . This is equivalent to the fossa observed on the cranial process of the ilium of Staurikosaurus (Fig. 4C-D) and Caseosaurus (Fig. 4F-G) , which are in the same position of the preacetabular fossa of Avetheropoda (Fig. 4H-I) . The preacetabular fossa of Avetheropoda was attributed to the origin of PIFI1, since it is the condition of the avian homologue IFI (Hutchinson 2002 ). Accordingly, it is possible to infer that early on dinosaur evolution PIFI1 changed its origin from the medial surface of the ilium, as is the case for Crocodylia, to the ventral margin of the cranial iliac process and the dorsal part of the pubic peduncle of the ilium. Later on Theropod evolution, the incorporation of dorsal vertebrae to the sacrum led to the rearrangement of the first medial iliac ridge and to the development of the preacetabular fossa as defined for Avetheropoda by Hutchinson (2001a) .
In conclusion, disregarding the differences pointed above, it is possible to confirm that basal dinosaurs shared a similar muscle arrangement as proposed by Langer (2003) .
In the following paragraphs, this arrangement is compared with that of extant Crocodylia and Aves and to the reconstruction presented by Carrano and Hutchinson (2002) for Tyrannosaurus, in the intent to discuss some aspects of hind limb muscle evolution in Saurischia.
Relative to Crocodylia, Staurikosaurus differs in various aspects: (1) the iliac surface for muscle origins is proportionally larger, especially on the anterior portion of the bone, due to the expansion of the cranial iliac process; (2) the origin of ILFB is also enlarged, occupying a large concavity on the lateral surface of the ilium; (3) IF is divided; (4) AMB has just one head; and (5) PIFI1 apparently moved from the medial surface of the ilium to a fossa on the ventral margin of the cranial iliac process and dorsal part of the pubic peduncle. Other muscles in Staurikosaurus, such as CFB, CFL, PIFE1-2, and PIFI2, have origin and insertion areas in positions equivalent to Crocodylia.
All the changes listed above for Staurikosaurus were also observed in Tyrannosaurus (Carrano and Hutchinson 2002) . The most notable difference between these two taxa is the existence of a true preacetabular fossa on the ventral margin of the cranial iliac process of Tyrannosaurus, but Staurikosaurus also bears other dissimilarities including: (1) reduced anterior trochanter; (2) the femoral head in its plesiomorphic orientation, rotated 45 • posteriorly; (3) a more proximal insertion of FTI3 and FTE and origin of ADD2 and FTI3; (4) more posterior origin of IFE; (5) reduced brevis fossa; and (6) a CFB origin extending to the posterior margin of the ilium and with its posterior part dorsoventrally expanded. The arrangement of other muscles are similar in both taxa or is uncertain in Staurikosaurus (e.g., origins of ADD1 and PIFE3) or in Tyrannosaurus (presence or absence of FTI1 and FTI2). Other differences are related to the proportionately larger bone surfaces of Tyrannosaurus due to the expansion of the cranial and caudal processes of the ilium.
Differences in muscle position observed between Staurikosaurus and Tyrannosaurus are related to changes in muscle function, as is the case of ADD2, FTI3, and FTE, which have their origins in a more distal position. This makes ADD2 to change its primary function from adductor to extensor and increases the moment arm of FTI3 and FTE (Carrano and Hutchinson 2002) .
Based on the comparison between Staurikosaurus and Tyrannosaurus, it is possible to infer that the main features of the avian musculature present in Tyrannosaurus were also present early on saurischian evolution, e.g., a divided IF (Hutchinson 2001b ) and the origin of PIFI1 from the ventral surface of the cranial process of the ilium. Modifications not present early on the evolution of Saurischia, but present in Tyrannosaurus, include: (1) the expanded anterior trochanter (Hutchinson and Gatesy 2000); (2) the expansion of the cranial and caudal iliac processes (Carrano 2000) , which is less evident in basal dinosaurs; and (3) the rotation of the femoral head, the lateral surface of which moved to a more anterior position (Carrano 2000 , Hutchinson 2001b ).
The reconstruction of pelvic and hind limb musculature of Staurikosaurus also revealed a specific adaptation unknown to other taxa: the posterior part of the origin of CFB (the medial blade of the brevis fossa) is dorsoventrally expanded (Fig. 4C) , which probably allocated a larger posterior part of CFB. Compared to Herrerasaurus, this expansion characterizes a volume increase of CFB, since the length of the medial blade of the brevis fossa corresponds to 29% of the total length of the ilium in both taxa.
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